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JITLE MODIFIED 

Sod-Coaicial Dielactric Filter 

1» Field of the Invention 

VhiB invention relates to a. filter need in a frequency 
range from VHP band to relatively low frequency microwave 
tend. 

2. Description of the Prior Art 

Conventionally, this kind of filter is oonstmcted as 
disclosed in the Japanese Laid-open Patent Application 
Ho. 58-9401. The structure is shoun in FIGs. 1 and 2, 
which show a dielectric 101, through-holes 102, an outer 
conductor of conductive film 103 disposed on the side of 
the dielectric 101, inner ccmdnctors of conductive film 
104 surrounding the throuc^-holes 102, end surfaces 105 and 
106 short-circuiting conductor of conductive film 107 
provided on the end surface 106, coopling capacitors 108a 
and 108b, input and output terminals 109a and 109b, and 
a cavity 110. the end surface 105 is open. Iherefore, 
two 1/4 wavelength resonant units are composed by the* 
inner conductor 104, outer conductor 103, short-circuiting 
(»>nductor 107, and intervening dielectric 101. Vbese two 
resonant units are coupled together via the eavi^ 110, 
and the coqpling coefficient is determined by the shape 
of the cavity 110. Aie ii^t and output terminals 109a and 
109b are electrically connected to the inner conductor 104 



0208424 

at th0 opan and plana lOS via tha coupling oapaeitosa 108a 
and 108b, raspaetlvaly, theraby nakin? «tp a filter as a 
whole. 

Zn Btt^ eonvantional eoDBtruetion, howaver, ainca tha 
eavity ia naedad for eonpliag, tha spaea oceupied by tha 
cavity ia an obataela for radoeing tha aisa of tha filter. 
Since tha dialeetrie to cosopoae the filter ia integral, it 
is in^ssible to evaluate each of tha resonant units. If 
filters having different performances vare required, .different 
dielectric blodca having different shapea corresponding to 
such reqoirenenta vuat be prepared, which reduoea productivity. 
Since the eavity for coupling ia expoaed eutaide the filter, 
the filter will be eaaily affected by the environnental 
conditions. 

SOHMABX OP TBB IBVBNTIOfi 

Zt ia hence a priaary object of thia invention to 
provide a aeaii-coaxial dielectric filter that ia snail in 
aize but ia excellent in smaa producibility at low coat. 

It is rn"th»^ object of this invention to provide a 
semi-coaxial dielectric filter that is stable, or less 
snsceptible to effects of the environment outside tbe filter. 

These objecta can be achieved by a filter coaapriaing 
at leaat two independent resonators coupled to each other 
via coupling windows. Bach of the resonators conprises 
a tubular dielectric having at least one flat aide aurf ace 
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and a througli-holtt in thm axial dlraetlon, an iimar condnctlva 
film provided oa the vaXI fomlng the thxough**hole, and an 
otitar csondQctiva filn provided on aide aiirfaeaa of the 
tidmlar dielectric, thereby to reaonate in 3BI-«>de in the 
axial direction due to cooperation of the inner and outer 
conductive filna and the dielectric intervening therdbetween* 
Bach of the resonators is further provided at the flat aide 
surface with at least one coupling windoir at which the 
conductive filn is renoved. The resonators are connected 
to contact at the flat side surfaces so that the coupling 
windows oppose to each other, thereby to construct the 
filter in irtiich the resonators are ooi]pled with each other 
via electromagnetic field throu^ the coiq>ling windows • 

mth this structure, the else of the filter becomes 
snail because the sise ia merely the sum of the sizes of . 
the resonators. The performances of the resonatfurs can be 
evaluated independently to each other » Since the coiqpling 
coefficient can be changed by merely changing the shape or . 
the position of the coupling window, filters having a 
varied of performances can be easily obtained at a low 
cost, resulting In hi^ productivity. Since the electjpo- 
magnetic field contributing to the filter cperaticm is 
substantially distributed within the dielectric, the filter 
is hardly affected by the environment outside the filter. 
BBZBF DBSCBXPnOR OF IBB DRMmiGS 
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FZGs. 1 and 2 ar« aid* Mctional and parspaetiv* views 
of a convantional flltan 

PZ6B. 3 and 4 ara aida aaetlonal and parapaetiva viaws 
of a xaaonator* a eooatruetion alenant of a filtar of this 
iaventloni 

FiGSa 5 and 6 are side sectional and perspective vieim 
of an eadbodiinent of the filter of this invention, which is 
a two-stage band-pass filteri 

PIG. 7 is a side sectional view showing an exaiqpl^. of 
three-stage band-pass filter as another enbodinent of this 
invention y 

PIG. 8 shows an exasople of cocqpling window; 

FIG. 9 is a graph showing the coupling coefficient 
when the coiqpling window in the shape shown in FIG. 8 is 
Qsedi 

FIG. 10 shows another example coupling windowi 
FIG. 11 is a graph blowing the covqpling coefficient 

when the coupling window in the shape shown in FIG. 10 is 

used; and 

FIGs.12 to 14 are a side sectional view and top views 
showing an exaople of resonator having a vaxiable resonance 
frequency mechanism usable in the filter of this invention. 
DESCRIPTION OP THE PREFERRED BfflODIMEIIiTS 

FIGs. 3 and 4 are a side sectional irLew and a perspective 
view of a semi-coaacial dielectric resonator as a construction 
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eleneiit of a seml-coaxlal dielectric filter of this invention. 
Ihie resonator oomi^iaea a dielectric 1 of parallelepiped 
ahapOf a cylindrical thrpns^«*liole 3, a coupling surface 3 
having a coupling vindov 6, an inner conductor 4 of conductive 
film provided on the %mll forming the thxottgh«*hole 2, an outer 
conductor 5 of conductive film provided cm a side surfaces 1, 
end surfaces 8 and 9, and a diort-ciz^uiting conductor 10 of 
conductive film provided on the end surface 9. 

The dielectric 1 has the through-^hole 2 extending in 
the axial direction, and its one esiA surface 8 is open 
irtiile the other end surface 9 is provided with the short- 
circuiting conductor 10 for short-circuiting, or electrically 
connecting the inner conductor 4 and the outer conductor 5.. 

The resonatmr shown in PXGs. 3 and 4 is a 1/4 wavelength 
resonator of TEH mode being cooposed of the inner conductor 
4, the outer coiductor 5, the short-circuiting conductor 10, 
and the intervening dielectric 1* 

The length I in the axial direction of the resonator 
is eac^cessed ass 

t • lg/4 , Ag - >o/^ 

(to 9 wavelength in free space) 

(e^ : dielectric constant) 

As is well known, in the 1/4 wavelength resonatcn:, 
the electric field is intense at the part closer to the open' 
end 8 and the magnetic field itf intense at the part closer 

r 5 - 
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to the 8hort*clrcaitiii9 end 9 in the dielectric 1* Vhe 
conductive film ie very thin/being about tens of micrometers • 

PZ68. 5 and 6 show a semi-coaxial dielectric filter 
constructed Iqr tvo 1/4 wavelength semi-coaxial dielectric 
resonators shown in PZGs. 3 and 4. The two resonators 13i 
and iSo are disposed so that their ooiqpling srorfaces 3 
having coupling windows (i contact each other, with the 
respective outer conductors 5 being electrically connected 
and mechanically fixed to each other with a solder or a 
conductive adhesive 14. In this arrangement, the resonators 
13i and 13o are cotpled with each other via electromagnetic 
field thrott0i the respective coupling windows 6. Si^posing 
the coiq>ling efficiency by electric field coupling to be ke 
and that by magnetic field cotipling to be km, the total 
coi:9ling efficiency k is expressed as follows s 
k » |km - ke| 

As es^lained above, when the coupling window 6 is disposed 
closer to the open end surface 8, the total coupling 
efficiency k is dominated by ke, but on the other hand 
when it' is disposed closer to the short-circuiting end 
surface. 9, km becomes dominant, input and output terminals 
12i and 12o are electrically connected at the open end 
surfaces 8 to the inner conductors 4 of the resonators 13i 
and 13o through coupling capacitors Hi and llo, respectively# 
thereby .constructing the two-stage filter* Each of the 
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Mpacito» 111 KiA IXo. My •ithtr ft lunpeA. ecmstaiit or 
Mnl-lunqped cons taut oapBoitor# 

The capacitance of the eowlinq capacitor ie expxeased 
aa follows 



{B/K\^- («0Cr5jP - 1 



Ac rescmator length ft* is ahorter than the 1/4 wavelength 
due to the effects of the ootpllng capoci^ and the resistance 
of the terminations at the end of the filter^ and expressed 
as follows: 

£• • (1/4) • ilQ//i^ • (fo/fo*) 

idiere 

tto 2sfo £o : center frequency of the filter 

Lr » 1 b s susceptanoe slope paxaneter of 

tSl^ of thtt rasonatoar 



R s resistance of the texaiaatidos at the ends of 
the filter 

S s 1 mpeflance^iiiverter at the ends of l^e filter 
FIG. 7 shows an eBtediaent of filter in idiicdi three 
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resonatora are tteejS. As BhOMB In the figure, in the ease 
of a filter having three or nore atagea, the inner reaonator 
I3in haa two eoapling anrfacea 3a and 3b idiieh reapeetively 
have coupling windova 6a and 6b. Through the reapeetive 
coi^ling windowa 6a and 6b, the inner reaonat«r ia coupled 
with the reaonatora 13i and 13o at both aides thereof via 
eleetr«Dagnotic field. The capacitance of each of the 
ii^put and. output coupling capaeitora Hi and. Ho and the 
reaonator length A* of each of the input and output aide 
reaonatora 13i and 13o are determined by the fomnlaa applied 
to the enbodinent in PIGa. 5 and 6. The resonator length 
i of the inner reaonator 13ib ia i b Xg/4. 

✓ 

FZ6. 8 ahowa an exanple of the ahape of the coupling 
window 6. Thie coupling window 6 is rectangular diapoaed 
doaer to the ahort-circuiting end aurface 9, and ita one 
aide ia on the ahort-circuiting end aurface 9. PIG, 9 
shows changes in the covqpling coefficient k when the width 
HI and the length Ll of the coupling window 6 in FIG. 8 
are varied, und^ condition of " 36, I » 13 mm, w Cwidth 
of the reaonator) « 10 mm, and a (diameter of ^ throu$(b- 
hole - 3 BOB. If * 

L|/A < 0.5, 
then km » ke, thus k Kkm. 

PIG. 10 ahowa another example of the ahape of the 
coupling window 6. The coupling %rindow 6 is rectangular 
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one Bide of vhicb is parallel to the end eurfaoe 9, and is 
leolated on the oovpllag anrfaee 3. fig. 11 ahowa changea 
in the coupling coefficient k ^dien the length B and the 
average diatanoe L2 from the end anrfaee 9 of the coupling 
window 6 in FIG. 10 are varied, nnder condition of « 
36, i - 13 nm, w - 10 am, a * 3 mm, and 192 (width of the 
window 6) B 5 m. 

Conaidering the reaulta ahown in FIGs* 8 to 11, the 
oonpling coefficient k of 0.007 to 0.020 can be. achieved 
lay the shape in FIG. 8, and k of 0.015 to 0.035, in FIG. 10. 
That is, even by mainly naing the magnetic field coiq^ling 
hy diapoaing the coupling window 6 cloaer to the ahort- 
circoiting end anrfaee 9, a anfficient coupling cx>effici«it 
for eoBposing a filter can be obtained. l!hia ia effective 
to prevent the coupling coefficient from being affected by 
the environmsnt outside the filter. 

FIGb.12 to 14 show a resonator having a reaonance 
fregnenpy variable m ech a niem. FIGa. 12 and 13 are a aide 
aiteticnial view and a top view of the resonator, and FIG. 14 
ia a top view lAen a dielectric rotor 15 and a abaft 19 
are disconnected from the resonator, the inner conductor 
4 is electrically connected with the inner conductor open 
end electrode 17 provided on the open end surface 8. 
Ihe rotor 15 inatalled cloaely to the open end surface B 
has a semi'-di8k--8haped rotor electrode 16 on ita upper 
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surface which is not opposed to ths qpsn end surfscs 8* 
An inner pert of this rotor electrode 16. is extended to the 
lower surface of the rotor 15 so as to be in contact with 
and thus electrically connected with the inner conductor 
open end electrode 17. Qn the other hand, an outer 
conductor open end- electrode IS provided on a part of the 
open end surface 8 is electrically connected with the outer 
conductor 5. Iherefore, the rotor electrode 16, the outer 
conductor open end electrode 18 and the dielectric . rotor 

15 placed therebetween construct a variable capacitor. 
The rotor 15 is f iaced to a shaft 19 Which is rotatably in- 
serted into the thteughrhole; msen the rotor 15 is rotated 
by rotating the shaft 19, the area of the rotor electrode 

16 overlapping the outer conductor open end electrode 18 
changes, so that the capacitance of the variable capacitor 
is varied, which permits fine adjustment of the resonance 
frequency. Mhen a filter is constructed by using the 
resonators equipped with this resonance frequency variable 
mecfaaxiism, the filter can be easily adjusted. 
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CLAIMS ; 

1. A semi-coajdal dleXeetrie filter envrislng at Iravt 
tMo semi-coaxial aieleetid.e ceaoaatera ea6h of which 
Cfiopriaeai 

a tabular aielectric having a throagih-hole ia its 
axial direction and at least one flat side snrfacei 

an «>uter condnctor of condnctive film provided on side 
Borfaces of said dielectric incloding said flat side surfaeei 

an inner condnctor of conductive film provided 09. a 
wall forming said throuf^i-holes and 

at least one coining window prcvvided by removing a 
part of aaid outer conductor on said flat side surface; 

wherein eac& of said resonators resonates in SBM-mode 
in said axial direction hg cooperation of said outer and 
inner conductors and said dielectric intervmning therebetiieeny 

wherein each of said resonators are oonneeted to another 
by making said flat side surface into contact with that of 
the another so that said coapling window opposes to that of 
the another, vAereby said resonators are oot^led with each 
«»ther via electromagnetic field tfaxongh said coupling 
window. 

2. The filter accozding to claim 1, wherein each of said 
resonators further conprises a short-circuiting conductor 
of conductive film provided on at least one end surface of 
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said dielectric for ahort^eircuiting eaid outer and inner 
conductors* 

3. The filter according, to claim 2, vberein said short- 
circuiting ccmductor is provided on only one end of said 
dielectric, and each of said resonators operates as a 1/4 
wavelength resonator* 

4. The filter according to claim 3, wherein said coupling 
window is disposed closer to said end on which said short* 
circuiting conductor is provided so that said resonators 
are coupled mainly via magnetic field through said cdi^ling 
window* 

5* The filter according to claim 1, wherein said dielectric 
has a parallelpiped tubular diape* 

6* The filter according to claim 5, lAerein said csoiqpling 
windciw extends to rea^ one end surface of said dielectric. 
7* The filter according to claim 1, wherein said throus^- 
hole has a cylindrical shape* 

8* The filter according to claim 1, idierein said coupling 
window has a rectangular shape* 

9* The filter according to claim 1, wherein each of said 
resonators further comprises s a first electrode provided 
on one end surface of said dielectric and electrically 
connected with said outer conductor; a dielectric rotor 
disposed to oppose to said <me end surface of said dielectrici 
and a second electrode provided on said dielectric rotor 
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mo that said dlalaetrie xotcut is intarvoaed batwaaa said 
first and second electrodes, said second electrode being 
electrically connected with said inner conductor, vhereby 
said first and second electrodes and said dielectric rotor 
cottstnict a variable capacitor lAose capacitance is variable 
by rotating said dielectric rotor thereby to vary resonant 
frequency of each of said resonatcurs* 

10. The filter according to claim 1, wherein input and 
output tezninals of said filter are extracted through lumped 
OMStant or sesd-lunpied constant capacitors, resfiectively. 
11* The filter according to clain 1, wherein said outer 
conductor of each of said resonators are electrically 
ccnmected and mechanically fixed to that of the another with 
solder or conductive adhesive. 

12* A semi^-coaacial dielectric filter ooaqprising at least 
two semi^-cxwxial dielectric resonators each bf which 
ooBprisess 

a parallelpiped tidbular dielectric having a qrlindrical 
throu^-hole in its axial directioni 

an outer conductor of conductive film provided on side 
surfaces of said dielectriei 

an inner conductor of conductive film provided on a 
wall forming said throo^-holei 

a 8hort*-circuiting conductor of conductive film 
provided on one end surface of said dielecrtrlc for shoart* 
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circuiting said inner anfl enter conductors i end 

at least one cbvtpling window which is aade by removing 
a part of said outer conductor of at least one of said side 
surfaces of said dielectrici 

wherein each of said , resonators operates as a 1/4 
wavelength resonator idiicb resonates in TBH-«feode in said 
axial direction by cooperation, of said inner and outer 
conductors and said dielectric intervening therebetweent and 

%riierein each of said resonators are cozmected to 
another by making said side surface on which said coupling 
window is provided into contact with that of the another 
so that said coiipling window opposes to that of the anotberf 
whereby said resonators are coupled with each other via 
electromagnetic field through said coupling window* 
13* The filter according to claim 12, wherein said coupling 
window is disposed closer to said end surface on which said 
short-circuiting conductor is provided so that said 
resonators are ooupl.ed mainly via magnetic field. 

14. The filter acrarding to claim 13, wherein said coupling 
window has a rectangular shape one side of which is parallel 
to or disposed on said end surface on lAich said short- 
circuiting conductor is provided. 

15. The filter according to claim 12, wherein each of 

said resonators further comprises: a first electrode provided 
on the other end surface of said dielectric and electrically 
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eoniiMted with said ontar eo&dQetori a dielactric xotor 
dispoaad to oppose to said ths otbar «ul surface of said 
dielectrici and a second electxode provided co said dielectric 
rotor so that said dielectric rotor is intervened between 
said first and second electrodes, said second electrode 
being electrically connected vitb said inner oondnctor, . 
nbereby said first and second electrodes and said dielectelc 
rotor construct a variable capacitor vliose capacitance is 
variable by rotating said dielectric rotor tbereby to vary 
resonant frequency of eadi of said resmators* 
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